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MM MD simulations of AADH
A model of AADH with tryptamine was built using the crystal structure 2AGY. 1 Hydrogens were added to the system in accordance with pKa predictions made by PROPKA 2 and the system was solvated in a cubic box of CHARMM TIP3P water molecules 3 using the solvate plugin in VMD. 4 The model comprised ~113,000 atoms.
Parameters were assigned based on the CHARMM27 forcefield. All simulations were carried out using NAMD, 5 running on 64 processors. The positions of the hydrogen atoms were minimised for 5000 steps using the conjugate gradients (CG) algorithm keeping heavy atoms fixed. The positions of the water molecules were then minimised using 6000 steps of CG minimisation, keeping the protein fixed. The water molecules were then heated to 300 K over a period of 2.5 ps and then allowed to move for a further 5 ps in an NVT ensemble. The energy of system was then minimised for 10000 steps of CG minimisation. All atoms were then heated to 300 K over 5 ps and then allowed to equilibrate for 180 ps at constant temperature and pressure. The Nose-Hoover piston 6 and Langevin temperature control 7 were used during equilibration. The production simulations were then run for 100 ns using a time step of 2 fs and constraining the positions of hydrogen atoms using the SHAKE algorithm. Three replicate simulations were performed starting from separate heating phases with different initial velocities.
Activation entropy
The entropic contribution to the free energy is also important. A rough estimation of the entropic contribution to the barrier can be obtained by comparing the potential energy barrier calculated by adiabatic mapping with the classical free energy barrier resulting from umbrella sampling simulations. 8 However, in practice these calculations can be hard to converge, as is the case for AADH. From our previous work at the PM3-SRP/CHARMM level 9 , ∆ ‡ V is 19.2 kcal/mol for proton transfer to O2 of D128β and 14.6 kcal/mol for O1. ∆ ‡ G is 12.5 kcal/mol for proton transfer to O2 of D128β and 16.4 kcal/mol for O1. The resulting entropic correction of 6.7 kcal/mol for proton transfer to O2 of D128β is much bigger than the −1.8 kcal/mol O1 at the PM3-SRP/CHARMM level. The activation entropy should be similar for both pathways, but to use an average value (2.5±6.0 kcal/mol) would not be meaningful due to the large standard deviation. There is some structural rearrangement involved in the early part of the free energy profile for proton transfer to O2 9 , but the entropic contribution should be similar for the two pathways. The error in the estimation of the TS term is too high (±6 kcal/mol) to be meaningful here. Activation entropy terms (at 300 K) have been calculated for other enzymes e.g. 0.4 kcal/mol for para-hydroxybenzoate hydroxylase (PHBH) 8 , 2.5 kcal/mol for chorismate mutase 8 and values between −4.2 and 2.7 kcal/mol for different steps of the reaction in cytidine deaminase10, showing that the activation entropy term is small, but of the same order of magnitude as the tunnelling contribution Table S3 : Average interatomic distances and hydrogen bonds with residues in the active site along the reaction paths for proton transfer to either O2 or O1 of D128β (B3LYP/6-31G(d)/MM). Distances are given in Å, upper number is the average and the number in parentheses is the standard deviation. See Figure 1 for atom labels. 
